ABSTRACT. Clonal culture of PCC3/A/1 teratocarcinoma stem cells in serum-free medium has been achieved with feeder layers. Under this culture condition, stem cells effectively differentiated into various types of somatic cells, in particular chondrocytes and adipocytes. Myotubes and neuron-like cells also appeared, but infrequently. Embryonic endoderm cells were rarely observed. There appeared to be two stages in the differentiation process; In the early stage, only fibroblastic cells were found with the undifferentiated stem cells. In the later stage, chondrocytes and adipocytes predominated. Chondroadipocyte differentiation occurred only after fibroblastic cell differentiation, an indication that fibroblastic cells may have an important function in chondroadipocyte differentiation. Thus, the serum-free culture of PCC3/A/1 cells provides a suitable system with which to study the cell lineages and regulatory mechanisms of chondro-adipocyte differentiation.
Mouse teratocarcinoma cells are considered a good model system with which to study the cellular mechanisms of early mammalian development (6) . They can be maintained in vitro in undifferentiated states and, when injected into a blastocyst, participate in normal development and organogenesis (1, 7) . They also differentiate into a wide range of somatic cells when injected into a syngenic host and form solid tumors. The studies done so far, however, provide information only on the final results of differentiation. To analyze the cellular mechanisms that function during differentiation, we need in vitro studies, and a clonal cell culture system must be established for refined analytical studies.
Most in vitro studies of the differentiation of teratocarcinoma cells have been conducted in serum-containing medium. There are, however, reports that indicate that unknown factors in serum affect the differentiation of teratocarcinoma cells (3) and of neural crest cells (16) . Therefore, a culture medium without serum seems to be essential for use in the study of the cellular mechanisms of induction of differentia-1 Please address correspondence to : Tadao Atsumi Abbreviations used: DMEM, Dulbecco-modified Eagle's minimal essential medium; FCS, fetal calf serum; HCMF, hepes-buffered saline (8.0 g of NaCl, 0.4 g of KCl, 0.09 g of Na2HPO4.7H20, 1 g of glucose, 2.38 g of N-2-hydroxyethyl-piperazine-N'-2-ethanesulfonic acid, and 4.8 ml of 1 N NaOH in 1000 ml of H2O, pH 7.4). tion in teratocarcinoma cells. We here describe the mesenchymal differentiation of PCC3/A/1 teratocarcinoma cells in clonal cultures prepared with serum-free medium and offer some other, preliminary observations. 3F-feeder cultures contained a large number of differentiated cells with fibroblastic morphology. In contrast, most colonies formed in serum-containing medium without a feeder layer were composed solely of morphologically undifferentiated stem cells, a very few colonies containing a small number of embryonic endoderm cells. When clonal culture in 3F-feeder was maintained for more than 10 days, various types of somatic cells were produced in all the colonies. We therefore analyzed the process of differentiation of PCC3/A/1 cells in the 3F-feeder cultures. Two days after the inoculation of PCC3/A/1 cells into 3F-feeder cultures, each colony that formed contained 8 to 16 cells (Fig. 4a) . These cells were judged from their morphology to be undifferentiated. After multiplying rapidily for 5 days, each colony consisted of more than 100 cells. Most colonies contained cells with a mor- 
DISCUSSION
We have reported that PCC3/A/1 cells transferred to a 3F-feeder culture grow as clones and differentiate into various types of somatic cells, mainly chondrocytes and adipocytes. Differentiation into other cell types took place but the incidence was low. I n general, teratocarcinoma cells readily differentiate into chondrocytes when (4, 8, 12, 15) . The fibroblastic cells present in the early stage of our 3F-feeder culture of PCC3/A/1 cells probably are equivalent to the mesenchymal stem cell. But, we now need to investigate whether a single fibroblastic cell derived from a PCC3/A/1 cell can differentiate into both chodrycytes and adipocytes.
Some researcher have reported that fibroblast feeder layers, or medium conditioned by them, inhibit the differentiation of teratocarcinoma cells (10, 11, 13) . Our results do not agree with these conclusions. Because the culture conditions and cell lines were different, no direct comparison of the results is possible. It seems that the effect of feeder layers is complex not uniform. We are now studying the factors in 3F-feeder culture that may induce the differentiation of teratocarcinoma cells.
